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COMPLETE SPECIFICATION 
Catalytic Reduction of Aromatic 'Dinitro Compounds 



We, General Aniline & Film Corpora- 
tion, a corporation organized and existing 
under the Jaws of die State of Delaware, 
United States of America, of 230 Park 
5 Avenue, New York, County and State of 
New York, United. States of America, do 
hereby declare the invention, for which we 
pray that a patent may .be granted to us, and 
the method by which- it is to be performed, 

10 to be particularly described in and by die 
following statement: — 

This invention relates to am improved 
method of catalytic hydrogenarion of aromatic 
dinitro com/pounds, to reduce them 1 to the 

15 corresponding amino compounds; and is par- 
ticularly concerned with an improved process 
whereby this reduction is carried out in liquid 
phase, and in the presence of an* inert liquid 
solvent. 

20 The process of die present invention is of 
particular advantage for the production of 
aromatic diamines by the catalytic hydrogena- 
rion of the corresponding aromatic dinitro 
compounds. However, it has been found that, 

25 m practicing the process of the present inven- 
tion, the reduction of the rmrro groups of the 
aromatic dinitro starting material, proceeds in 
a step-wise manner, so that, when reducing 
an aromatic dinitro compound to the amine, 

30 there is obtained, during the course: of the re- 
action, a material containing a substantial 
amount of mono-armno^mononitrc-- product; 
and, if desired, the process may be stopped 
at this point, or the product drawn off and 

35 the process thus used to reduce the aromatic 
dinitro compound to the corresponding mono- 
mtxo-monoairnino- compound. 

Aromatic nitro compounds have long been 
reduced to the corresponding aryl amines by 

40 a number of methods, such as, for example, 
by the use of iron borings and dilute acid. In 
addition, zinc, tin and stannous chloride, with 
or without acid, alkaline sulfides, and a variety 
of other reducing agents have been used. In 

45 addition, the direct reduction) of nitro com- 
pounds with hydrogen and a catalyst has 
been used to a substantial extent, since it 



offers appreciable advantages over the fore- 
going methods, with respect to economy, sep- 
aration of the products, operating complexi- 
ties, versatility, and the ease of adaptation to 
continuous processing. Such catalytic hydro- 
genations have been quite successful in the 
reduction of mononitro aromatic compounds 
to the corresponding aromatic amine; e.g., re- 
duction of nitro benzene to arwfine. However, 
a number of problems have, heretofore, been 
encountered an attempting to effect the 
catalytic hydrogenarion of dinitro aromatic 
compounds to corresponding; aromatic di- 
amines. 

In large measure, the riffiarlties encountered 
in the catalytic hydrogenatibn of aromatic 
dinitro compounds to the corresponding aro- 
matic diamines are attributable to the water, 
which is formed in the reduction. Thus, 
when such catalytic hydrogenarion is carried 
out using the usual solvents which have, here- 
tofore, been suggested, such as methanol, 
ethanol, propane!, and butanoi, the water 
formed in the course of the reaction dilutes 
the alcohol and decreases the solubility of the 
aromatic nitro compound; being reduced so as 
to precipitate it from! the solution. This pro- 
duces poor reaction conditions because of the 
presence of two liquid phases, and a? solid 
catalyst phase. Other suggested solvents, such 
as ether, hydrocarbons, and the aromatic 
amine products of the reduction!, also fre- 
quently give rise to two liquid phases with 
the water formed during .the reduction, so as 
Do give rise to poor reaction conditions. 

Among the difficulties* encountered, due to 
the presence of two liquid phases, are the factf 
that the catalyst often becomes wet with the 
wrong liquid phase, and, thus, the reaction is 
slowed! down, or even stopped. Even with 
good agitation, such a 2-phase system causes 
finely divided active catalysts to become 
pasted to the reactor, thus giving, a short 
catalyst life. 

While many of these difficulties are also 
encountered in the reduction of mononitro 
compounds, to the corresponding monoamines, 



50 



55 



60 



65 



70 



75 



80 



85 



90 



e 



BEST AVAILABLE COP v 



t'<NSnncin -.^p 



805,249 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



rhey are accentuated in the case of dxe catalytic 
reduction) of dinitro compounds to corres- 
ponding dinitro amines. In addition, many 
of the solutions for these problems, which 
have been proposed and are effective for the 
catalytic reduction of mxmonitro compounds, 
are either not as effective, or are else not 
readily appilicd to the catalytic reduction, of 
the dinitro aromatic compounds. Thus, in? 
U.S. patent 2,292,879, it is suggested mat the 
ill-effect of the presence of die water phase 
during catalytic hydrogenarion' of aromatic 
natro compounds, cam be overcome by oper- 
ating at conditions which remove the water 
as vapor as fast as it is formed 1 . This proce- 
dure, however,- is not readily, applied to the 
catalytic reduction) of aromatic dinitro com. u 
pounds, due to die increased hazard of hand- 
ling rhe dinitro compounds, as compared with: 
the rrDonoinitro compounds;- and, also, due to 
the comparative instability of the aromatic 
diamines, as compared with the 
Thus, the temperature and pressure condi- 
tions, which are preferably employed for the 
production? of- aromatic diarxrinss, are fre- 
quently such that water cannot readily bo 
removed: as vapor as it is formed. 

Due t?o» the potentially hazardous (explosive) 
character of the aromatic dinitro compounds, 
it is highly advisable in amy process involving' 
the catalytic hydrcgcnaiion of such aromatic 
dinitro compounds, that care should be exer- 
cised t» insure that there is not formed a sep- 
arate phase having a high concentration of 
aromatic dinitro compound- At the same time, 
k is desirable, from a* commercial stemdpoinr, 
in order to cut down* the amount of rn ?t^rfal 
wh/ich, must be handled and for other oom>~ 
msreial and economic reasons, to employ as 
high a concentration as possible of aromatic 
dinitro compounds as the feed 1 to the process. 
While aromatic dinitro compounds appear to 
be catalytically reduced without the necessity 
of using solvents, the explosion hazards in 
such" art operation] are too great to permit its 
use. - Such, hazards are disclosed, for example, 
by Gage, in U.S. patent 2,430,421, which 
suggests that dinitro aromatic compounds 
should! be removed from 1 mononitroaromatic 
compound's which are to be subjected to 
catalvtic hydrogenarion, in order to decrease 
the hazard. 

Further evidence of the potential hazardous 
character of dinitro aromatic compounds is 
found in an article by Brown, Smith & Scbar- 
mann, Ind. Eng. Chenx 40 1538 (1948), where 
mention is made of the fact that a specifica- 
tion of 3r% dinitro xylene in mononitroxylene 
feed slocks was set by the U.S. Army Ord- 
nance Department in the production of xyl- 
idine for aviation gas. blending agents. In the 
course of our investigation, we have found that 
explosions occur, and the process is potentially 
quite hazardous, when aromatic dinitro comh 
pounds, such as dinitro toluene or nr-dinntro 



benzene^ are catalytically hydrogenaced under 
any conditions in which a separate phase, con?- . 
tainang a high proportion! of aromatic dini tro 
compound, cam be formed. We it has been 
suggested thsan die catalytic hydrogenarion of 70 
aromatic dinitro compounds can be carried out * 
effectively in a water suspension, or emailsian, 
and, at the same time moderate the explosion 
hazards (Benner and Stevenson, U.S. Patent 
2,619,503), it will be apparent that this pro- 75 
cedure does cot, inherently, completely re- 
move the essential hazards of the possibility 
of a separate phase being formed in which 
there is a high amcerxtration of aromatic 
dmaitro compounds. In order to prevent any 80 
substantial accumulation of such ai separate 
phase, which would give rise to an explo sion 
hazard, a special agitation is required; and, 
also, careful design of the equipment, in order 
to avoid the possibility of any area of poor 85 
agitationi, since any shut-down or mterruprion 
of the agitation, or any region of poor agita- 
tion, could quickly result in a d^gerously* 
explosive conemtration of the aromatic dinitro 
compound. 90 

We have now found that, by operating; in 
accordance with the present invention, it is 
possible to effect the catalytic hydrogenarion: 
of aromatic dinitro co mpou nds to the corres 5 - 
ponding diamines in an efficient manner, and, 95 
in such a way thar the entire process is carried 
out in a single liquid phase so that the explo- 
sive hazard of a separate phase of an aromatic 
dmrtro compound is inherently overcome. 

In accordance with the present invention, 100 
She aromatic dinitro compound to be hydro- 
genafed is dissolved in at solvent, which; is 
capable of dissolving at the desired operating 
conditions, both rhe aromatic damtra corn- 
pound- used as a feed -stock, as well as die 105 
products- formed in its catalytic hydrogens- 
tiont, Lc, water and the desired aromatic di- 
armne, so that a homogenous single liquid 
phase is maintained throughout the reaction. 

The solvent to be used in this p r o cess 110 
should be one which permits a relatively high 
concentration of the arommic dinitro com- 
pounds, to be hydrogenatcd, as weM as of the 
products of the reaction, and should, prefer- 
ably, be relatively inexpensive, easy to sep- 115 
arate fronn the product, and inert to hydro- 
genation or inter-reaction withi the aromatic 
diamine, or aiomatic dinitro compounds. We 
have also found it to be- desirable that the 
solvent used be capable of being diluted with 120 
water, for economic purposes. * . . 

Among the solvents, which we have found 
suitable for this process, may be mentioned 
morpholinc, N-allcyi morpholines, butyroiac- 
tone, ethylercdiamine, piperidine. N-alkyl 125 
piperidine, pyridine, N,NMiallcj3amides, such 
as dimethyl formsmide and dimetiiyi acet- 
amide, pyrrolidine, methyl pyrroiidone, ethyl 
ether of ethylene glycol, methyl • ether of 
ethylene glycol, ethyl ether cf disthylene 130 
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glycol, methyl ether of Methylene glycol, di- 
methyl ether of ethylene glycol, diethyl ether 
of ethylene glycol, dimethyl or diethyl ethers 
of diethyiene glycol, and mononsethyl, mono- 
5 ethyl, dimethyl or diethyl ethers of poly- 
ethylene glycols. All of these solvents may be 
used alone, in admixtures with each other, or 
diluted with water. Ia addition, we have 
found that the aromatic diamine product of 
10 the reaction can be used as a solvent if diluted 
with sufficient water — about 15% to about 
50% by weight — in order to form a liquid 
solvent. While many of the aromatic diamines 
formed on* reduction of aro ma tic dinitro com- 
15 pounds arc water-soluble, they a/re usually 
solid at desirable temperatures of rcactioni, 
and under the conditions under which they are 
formed in the prior art, have not given liquid 
reaction conditions. While it has been found 
20 mat a wide variety of inert solvents, which 
will dissolve the nirro compound to be hydro- 
genaoed (the amino compound produced on 
hydrogenation: and water are operative in the 
process) certain solvents, particularly those 
25 containing an ether linkage, such as the lower 
alkyl ethers of ethylene glycol and- diethylene 
glycol have the desirable property of enhanc- 
ing the reaction rate, and/or prolonging the 
catalyst's life; 2nd are, therefore, to be pre- 
30 f erred in most instances. 

The remaining conditions employed for the 
catalytic hydrogenation of the aromatic dinitro 
compounds are those known; in the art; i.e., 
temperatures of 20° C to 100° C, or slightly 
35 higher, are employed. Lower temperatures 
arc less desirable, since the reaction becomes 
excessively slow, and above 100° C. undesired 
reactions, such, as hydrogenolysis, ring hydro- 
genatioe, and poijaneriTation? may take place. 
40 Optirnaxmi temperatures and pressures of re- 
action may be obtained for each specific dinitro 
compound, and the particular catalyst emj- 
pdoyed. However, in general, it has been found 
that satisfactory reaction rate is obtained with- 
45 in the range of 40 to 100° C At 100° C 
some decomposition of the ctiarnine may take 
place, although this usually does nod become 
serious, or hazardous until temperatures above 
100° C are reached. 
50 The pressure employed for the reaction is 
preferably about 25 to 80 pounds per square 
inch gauge; although pressures from) about 
atmospheric to about 150 poLnds per square 
inch gauge may be used. 
55 The catalysts which are employed in the 
reduction:' comprise nickel and the platin-um 
metal's group of the periodic system; prefer- 
ably palladium and platinum} — either sup- 
ported on carriers, or unsupported. Any of 
60 the standard preparations of catalysts may be 
used. The supported catalysts may be pel- 
leted, granular or powdered. The catalyst 
may be on the outside of the support or 
throughout it. Some of the useful catalysts 
65 which may be employed together with refer- 



ences to their preparation axe given below: 

Platinum black. — Sabatier-Reic^ Catalysis in 
Organic Chemistry. D. Van Nostxand Co., 
New York, 1922. 

Platinum oxide. — Adams, Voorhees and 70 
Shriner, Organic Syntheses, ColL vol. 1, p. 
452. John Wiley & Sons, New York, 1932. 

"Ramey" nickel. — Covert, J. Ami Chem. 
Soc. 54 4116 (1932). (" Raney " is a Regis- 
tered Trade Mark). " 75 

Palladium on charcoal. — Mannicb & Thiele, 
Bex. Deutches pharos. Ges. 26 36 — 48 (1916). 

Platinum on charcoal. — Ellis, U.S. Patent 
1,174,245. 

Nickel on Kieselguhr. — Covert and: Conner, 80 
J. Am. Cherm. Soc. S4 165 (1932). 

Platinurm or palladium* om alumina. — 
Sch»waxcnmnv U.S. Patent 1,111,502. 

It should be understood that, when 1 oper- 
ating a batch process, the? catalyst recovered 85 
from one batch of material may be reused a 
number of tunas before its activity decreases 
markedly. Similarly, if the process is operated 
in a continuous manner, the catalyst has a 
relatively long period of useful life. When the 90 
activity of the catalyst, either im batch or 
continuous operation, has dropped below a 
desirable level, the catalyst may be reactivated 
by means known in the art. Since nobtle metal 
catalysts, such as pdatinomj and' palladium;, are 95 
preferred catalysts, the recovery and regen*- 
eration of the catalyst, after its deactivation' is 
normally justified ectrnosmcally. 

The details of the present invention" will be 
apparent to those skilled! in the art, from con>- 100 
sideration of the following specific exarnples 1 , 
in which the pans are by weight: 

Example 1 

A solution] of 

30 parts of mKh'ndtrobenzene as a 90% 105 
aqueous paste (solidification point, 89° C, of 
the dry material) was rntacte in 

170 parts mi-phenyieniediamine, S.P. 62.8° 
C, and 

34 parts water at 40° C To the solution 110 
was added 

5 parts of a comrrjfercial 5% palladium} on 
charcoal catalyst (0.25 parts p-alladiunu). 

The above mixture was placed in, a 1-liter 
steel shaker-type autoclave, and the system? 115 
purged of air with- hydrogen, gas. Hydrogen 
gas was then fed in with shaking tX> ma Morgan; 
a pressure of 10O p.s.i.g. The temperature 
was maintain»2d at 45° G. Almost the theo- 
retical amount of hydrogen was absorbed in 120 
14 hours, at which tima die pressure was re- 
leased. The catalyst was filtered 5 from the 
solution and the solution- subjected} to distil- 
lation, first at atmospheric pressure to remove 
water, then, at reduced pressure to obtain 181 125 
parts of mrphenylenediansina or 1 1 parts pro- 
duced from 30 parts of charged n>dinirro- 
benzene which is a yield of 57% of the 
theoretical. The S.P. was 63.1° C. 
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Example 2 

A solution of 

30 parts mKiirritrobenzenc as 90% aqueous 
paste was made in 
5 170 parts cUmsthylfonnamide at 45°C. This 
mixture was hydrogenated as in Example 1, 
using 

5 pacts of tihe same catalyst as described in 
Example 1, at 

10 50 p.s.Lg. hydrogen pressure and 45 — 50° 
C. The hydrogenation was complete in 2 
hours. After removing the water and solvent 
dimethyl forma mide from the filtered batch 
by distillation, a nihphenyienediainine fraction 

15 of 16.5 parts, having a solidification poiar of 
62.5° C. was obtained. This is am 86% of 
theory yield. 

Example 3 
80 parts of mKfindtrobenzene as 90% aque- 
20 ous paste was dissolved in 

320 parts dimet^lforrna mide at 40° C. To 
this solution was added. 

30 parts of a reduced and stabilized nickel 
on Kieselguhr catalyst (sold by Harshaw 
25 Chemical Co. as Ni 0104T1). The mixture 
was hydrogenated as in Example 1 and 
Example 2, at a temperature of 100° C. and 
hydrogen pressure of 150 p^.Lg. The reduc- 
tiom was complete in 25 hours. After working 
30 up the fcydrogenation mixture as described in 
Example 2, a yield of 36.5 pares of n>phenyi- 
ehedaamtqp of S.P. 61° C was obtained. This 
is a 71% of theory yield. 

Example 4 

35 80 parts of m-dinritroi benzene of S.P. 89° 
C. was dissolved in 

320 parts of commercial methyl ether of 
ethylene glycol. 

To this solution was added* 

40 2 parts of a c o nameicial 10% palladium on 
charcoal catalyst (0.20 {arts paMaddumi), ob- 
tained from Baker & Co. The above mixture 
was hydrogenated * in the 'same manner as 
Example 2, bur alt a temperature of "65° C. 

45 and' ahydrcgen pressure of 40 p.s.i.g. The hydro- 
genarion was complete in 2 hours. ' After re- 
moving "the water and solvent from the filtered 
batch "by distillation, a mHr^enylencdiamdne 
fraction of 47 pans, having a solidification. 

50 point of 63.0° C. was obtained. This is a 
913% of theory yield* of a high purity 
product. 

Example 5 
80 parts of mKunatrobenzcne (S.P. 89° C.) 
55 was dissolved in 

320 parts of pyrrolidone. This solution was 
hydrogenated with 

10 parts of the 10% palladium on charcoal 
catalyst, described in Example 4, at a tempera- 
60 ture of 60° C. and a hydrogen pressure of 50 
p.s.i.g. The reduction was cxJmplete in 31 
hours with an absorption of 95% of the theo- 
retical amount of' hydrogen'. The resultant 
solution after filtration from the catalyst was 



assayed by coupling with diazotized p^tolu- 65 
idine audi found to contain) 45.4 parts of 
pfcenylenemarnfee. This fe 88.2% of the theo- 
retical yield. 

Example 6 

80 parts of n>dinitrotenzene (S.P. 89° C.) 70 
was dissolved in 

320 parts of butyrolactono. This solution 
was hydrogenated with 

12.5 parts of the samja 5l% palladium on 
charcoal catalyst, described in Example 1, at 75 
50 p C. and 50 p.s.i.g. hydrogen pressure. The 
reduction took 5 hours and absorbed 75% of 
the theoretical amount of hydrogen. Assay of 
the solution, filtered from the catalyst, by 
coupling with diazotized p-toiuidine gave a 80 
yield of 36.2 parts of phenylenem'amine or 
71.S.% of the meoretical yield. 

Example 7 

A solution of 

80 parts of rnKiinitrobenzene (S.P. 89° C.) 85 

in 

320 part? of methyl pyrrolidone was hydro- 
genated at 50° C. and 

50 p.sv£g. hydrogen pressure, using as 
catalyst 90 

5 ports of the same 5 % palladium on char- 
coal catalyst described in Example 1. The 
reduction] took 31 hours, and absorbed' 105% 
of the theoretical amount of hydrogen. Coup- 
ling with diazotized p^toluddme indicated a 95 
yield of 47.9 parts of mhphenylengnia mine or 
93.2% of the theoretical' yield. Isolation of 
the n>phenyletredia mnne by fractional distil- 
lation yielded 46 parts or 89.3% of the theo- 
retical yield! of rn^phcnylcnediamane having a 100 
solidification point of 62.9° C. 

Example 8 

80 parts of nTHfinicrobenzene (S.P. 89° C.) 
was dissolved in 

320 parts of pyridine and the solution 105 
hydrogenated *t 50° C. and! 50 p.s.i.g. hydro- 
gen pressure, using 

• • 5 parts of the 5% palladiutni om charcoal 
catalyst described in Example 1. -The reduc- 
tion tjook 17 hours and 89% of the theoretical 110 
amo un t of hydrogen* was absorbed. Coupling 
the filtered solution with diazotized pKOluidine 
indicated a> yield of 13 parts of phenylene- 
diannne or 25.2% of the" theoretical. ■ * 

Example 9 115 

A solution of 

80 parts mrdindtrobenzene (S.P. 89° C.) in 
320 parts dimethyl formanmde was hydro- 
genated at 50 — 60" C. and 

50 p.si.g. hydrogen pressure using 120 
10 parts of a commercial 03% palladium 
on silica gel catalyst (0.03 parts palladium), 
supplied! by the American Platinum Works. 
The reduction took 13 hours and absorbed 
106% of the theoretical amount of hydrogen. 125 
Workup of the reaction- products, as described 
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in Example 2, gave 46.1 ports or 89.5% of 
the theoretical yield of n>phenyienediamrine 
having a solidification point of 63.0° C 

Example 10 
5 This was run exactly as Example 9, except 
as catalyst was used 

10 parts of a 0.5% palladium! on alumina 
(0.05 parts palladium) supplied by American 
Platinum Works. The hydrogenatior* took 5 
10 hours and absorbed 102% of the theoretical 
amount of hydrogen. Workup of the reaction 
products yielded 47 parts or 91.31% of the 
theoretical of nHphenylenodiamine having an 
S.P. of 63.05° C. 
15 Example 11 

160 parts of mixed dinkrotoluenes having 
an S.P. of 55.8° C and approximately the 
following co m position: 75% 2,4 - dinitro- 
toluene, 21% 2,6^dirdtrotoluene, and 4% 
20 other isomers, was dissolved in 

640 parts of dimethyl formamdde. This 
solution! was hydrogen axed at 50° C. and 50 
ps.Lg. hydrogen pressure, using as catalyst 
10 parts of the 5% palladiunu on charcoal 
25 catalyst described in Example 1 (0.5 parts of 
palladhmj). The reduction was made in a 2 
litre stirred autoclave, and was complete in 
3 hours with a hydrogen absorption of 105% 
of the theoretical. Isolation of the mixed 
30 toluenediaxouoes by filtration from sche catalyst 
and fractional distillation gave 95.3 parts or 
893% of the theoretical yield of mixed 
tolucnediarnines. This product had an SJ?. 
of 85° C. and a purity of 99% by coupling 
35 withi diazotized p-toluidine. 

Example 12 
80 pans of the mixed diiuiroiolucnjes, 
described in Example 11, was dissolved in 
320 parts of the ethyl ether of ethylene 
40 glycol at 50° C and the mixture hydrogenated 
at 70° C and 25 p.sxg. hydrogen pressure 
using 

10 pens of a 1% paUadium on charcoal 
catalyst (0.1 parts palladium;) supplied by the 
45 American' Platinum Works. The reduction 
took 3 hours and absorbed 103% of the theo- 
retical amount of hydrogen. Isolation of the 
mixed toluenediamines as in Example 11 gave 
47.5 parts or 89% of the theoretical yield. 

50 Example 13 

A solution of 

80 parts of n>dirntiobenzene in 
320 parts of the methyl ether of ethylene 
glycol was hydrogenated at 80° C. and 100 
55 p.s.Lg. hydrogen- pressure, using 

5 parts of "Raney" Nickel (supplied by 
the Ransy Catalyst Co.) as catalyst. The re- 
duction was complete in 5 hours, with the 
absorption of 103%. of the theoretical amount 
60 of hydrogen. Assay of the products as in 
Example 5 showed a yield of 46.7 parts or 
91'% of the theoretical phenylenediamine. 



Example 14 

80 parts of 2,4<limttotokiene was dissolved 
in, 65 

320 parts of the methyl ether of ethylene 
glycol. This solution was hydrogenated at 
40° C. and 25 p.s.Lg. hydrogen; pressure, 
using, as catalyst, 1 part of the same 5 % 
paliadiumi on charcoal catalyst described in 70 
Example 1. The reduction took 10 hours, 
and absorbed the theoretical amount of hydro- 
gen. After filtering from the catalyst, pure 
2 3 4-diaminotx>luene was recovered by frac- 
tional distillation. This amounted m 50 pans, 75 
93.25% of theory, of as pure product having a 
melting point of 98 — 101° C, and a purity 
of 99.8i% by coupling with diazotized p- 
toluidme. The filtered catalyst was reused 
several times with comparable results. 80 

Example 15 
80 parts of orthonhnittobenzene was dis- 
solved in 

320 parts of the methyi ether of "ethylene 
glycol. This solution was hydrogenated at 85 
50° C. and 50 p^.i.g. hydrogen pressure, using 

2 parts of die 5% palladium) on charcoal 
catalyst described in Example 1. The reduc- 
tion took 24 hours and! absorbed rhe theore- 
tical amount of hydrogen. 90 

After fettering from the catalyst,* pure ortho- 
phenylene diamine was recovered by frac- 
tional distillation. This amounted to 46.3 
parts or 90%' of theory yield of the pure 
ortho-phenyiene diamine having a> melting 95 
point of 100—101° C. (Lit. 102° C). 

Example 16 

60 parts of the mixed danitrotoluene de- 
scribed in Example 11 was dissolved in 

240 parts of the methyl ether of ethylene 100 
glycol. This solution was hydrogenated at 
atmospheric pressure and 25° C. in a stirred) 
round-bortomj glass flask, using 

1 part of a 5 % palladium on charcoal 
catalyst (.05 parts palladium). This was a 105 
commercial catalyst obtained from Baker & 
Co. The theoretical amount of hydrogen was 
absorbed in 20 hours. Isolation of the mixed 
tolucnediamanes, as in Example 11, gave 4S 
parts, or 90% of the theoretical yield. The 110 
product was 99.5.% pure by coupling- with di- 
azotized p-toluidine. 

Example 17 

This was the same as Example 16, except 
that 3 parts of a 0.5% piatinum supported on 1 15 
alumina pellets was used as catalyst. The re- 
duction took 12 hours, and gave the same 
yield and quality of product described in 
Example 16. 

Example 18 120 
80 parts of a mixture of dinitroethyl- 
benzenes, produced by the nitration of ortho- 
nitro-^tiiylbenzcne and containing essentially, 
isomeric m-dinitroethylbenzenes, was dis- 
solved in 125 
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320 parts of the methyl eater of ethylene 
glycol This solution was hydrogenated at 
60° C and 50 p.si.g. hydrogen pressure, 
using as cacalyst 
5 2 pares of the same 3% palladium on char- 
coal catalyst, described in Example 1. Hie 
reduction 'was completed with the absorption 
of 105% of die theoretical, amount of hydro- 
gen. After filtering from the catalyst, the 
10 production of mixed diamjfooeuiylbenzenes 
was established: by coupling an atiquot of the 
solution with diazetized rMnhndine. 

It will be apparent that the foregoing 
examples are illustrative of the present inivon- 
15 Don, and that substantial modifications maryi 
be made raherein without departing from the 
scope thereof. Thus, in the foregoing ex- 
amples, while the hydrogenation reactor was 
charged with the toed, amount of dinitro- 
20 benzene to be hydrogenated, it would be 
possible £a prepare a solution of the dinhxo- 
benzene to be hydrogenated in a solvent of 
the type cooiDearjplated, and add additional 
quantities of said solution during the course 
25 of the hyd^ogenation, so long as dhxoughout 
the course of die hydrogemtion there was a 
homogenous solution of the dkaaxobenzene 
present for hydrogenation, the dfanaae formgd 
w the hydrogenation: and any water formed in 
30 the hydrogenation, (die only se parate phase 
being the solid catalyse. 

While the foregoing examples describe 
batch operation of the process of the present 
invention, it will be apparent that the process 
35 is adaptable to continuous operation], and has 
been successfully operated in a continuous 
manner. In such a continuous operation, the 
catalyst may be present as a fixed bed, or, if 
cteired* fluidized bed may be employed. The 
40 catalyst may either be mrnrhtained in the re- 
actor, or continuously added to the reactor 
(for instance, along with the feed) with- 
drawn from die reactor along with the pro- 
duct, separated from the product and returned 
45 to the reactor. If it is desired to operate in 
a continuous manner, the feed to the reactor 
advantageously could be a solution of a dinitro 
aromatic compound to be hydrogenated in a 
solvent, which will also dissolve the diamine 
50 formed, and. the water farmed m the hydro- 
gsnationi. From the reactor there cam be with- 
drawn a solution in the solvent of the diamine 
and water formed in the reaction, along with 
any unhydrogenated material. In the event 
55 that there is any unhydrogenated material in 
the material withdrawn from the reactor, this 
can be separated by suitable means, such as 
distillation, and returned 1 to the feed. 

Also, as previously indicated, the reduction 
60 of the nitro groups present as substituents on 
the dinitro compound, proceeds in a substan- . 
tially step-wise manner, so that, if, for 
example, a dinitro benzene is being reduced, 
there is first obtained a substantial amount of 
65 product consisting of mononirro aniline, before 



any substantial amount of the diaminoberxzene * 
is obtained. If desired, the process may be 
carried only so far as the nronomtrOHaxono- 
amino stage, and the mononitro^monoamiina 
compound recovered as ihe desired product 70 
for uses, or, since the expiosibility of the mouo- 
amine-mononicro compound is, substantially 
less than that of tira dinitro co mpo und, 
further reduction to the diamine may be 
effected in seme other manner, since, so far 75 
as reducing the danger of explosion is con- 
cerned, it may no longer be necessary to have 
only one liquid phase present during the re- 
action. While such, operations are feasible, it 
is ordinarily not economically justified if the 80 
examine is the desired product. 

The reduction of a dinitro» compound to the 
monorntro-mionoamiino compound! is illus- 
trated by the following example of die pro- 
duction of meta-nitro aniline from dinitro- 85 . 
benzene: 

Example 19 

Meta-dinitiobenzene was reduced, as in 
Example 4, in solution ini the methyl ether of 
ethyimcglycol, using 10% palladium on char- 90 
coal hydrc^enation catalyst. The hydrogena- 
tion was stopped when 75% of the amouna: 
of hydrogen, theoretically necessary for the 
production of the rnetaKiiarrinobenzene^ had 
been absorbed. The reaction mixture was then 95 
worked up as follows: 

The reaction mixture was ulcered to remove 
the catalyst, and the solvent then removed by 
distillation. A small amount of water was 
added to the residue, and. it was then fUteredi. 100 
This removed the diamine formed in the re- 
action. The residue was then extracted with 
dilute hydrochloric add!, and! filtered. The 
nitrate contained the meta-mtro amlln^ hydro- 
chloride, and was neutralized with caustic 105 
soda, whereby the rrjeta-nitro artifltTj p? was pre- 
ciptooed and recovered by nitration) an4 dried. 
The thus recovered mEJa-nhro anflmg had a 
melting point of 109° — 110° C, and: the yield 
amounted to 65 %, based on the amount of 110 
mem-diniirobenaene chargecl, or 8Q% of theo- 
retical, based on the amount of dmkrobenzene 
charged, and- the amount of meta-phenylene- 
diarndne produced. 

WHAT WE CLAIM IS:— 115 

1. In a process for the catalytic hydrogen 
reduction! of aromatic dimtroi compounds to 
form the corresponding diamines, wherein a 
dinitro compound and hydrogen arc intro- 
duced into a hydrogenation zone, and therein 120 
reacted in the presence of a hydrogenation 
catalyst selected from the group consisting of 
nickel and the platinumi group of metals, to 
thereby form the dia mine s corresponding to 
the dmarro compound introduced; die im~ 125 
provement which comprises introducing in 
the said hydrogenation zone a solution, liquid 
at the temperature and- pressure maintained 
in such zone, of said dimtroi cornpoundl in an 
inert solvent therefor, said solvent being also 130 
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a solvent for the diamines and water formed 
cq the hydrogenation, the concentration of 
dinitro compound in said solvent being such 
that there is maintained in said hydrogenation 

5 zone throughout the hyckogenation, a single- 
phase liquid solution of said solvent dinitro 
compound and diamines, and water formed 
therein, removing from said irydiogenatiois 
zone a solution in said solvent containing die 

10 diamines and water formed therein, and re- 
covering the diamines from said solution. 

2. The process as defined in Claim 1, 
wherein the inert solvent specified is selected 
from the group consisting of morpholine. N- 

15 alkyimorpholines, butyrolactone, ethylene- 
diamine, piperidine, N-alkylpiperidine, pyr- 
idine, NjN'-^iialkylanudes, pyrrolidone, methyl 
pyirolklone, lower aikyl ethers of ethylene 
glycol and diethylene glycol and an aqueous 

20 solution of the aromatic diamines formed in 
the reaction containing about 15% to about 
50% of water. 

3. The process as defined in Claim 1, 
wherein the dinitro compound specified is a 

25 benzenoid dinitro compound. 

4. The process defined in Claim 1, wherein 
the dinitro compound specified is a benzenoid 
dinitro compound, and wherein the inert sol- 
vent specified is selected from the group con- 

30 sisting of morpholine, N-alkylmorpholines, 
butyrolactone, ethyienedkmine, piperidine, N- 
alkylpiperidine, pyridine, N,r^4halkykmades, 
pyrrolidone, methyl pyrrolidone lower aikyl 
ethers of ethylene glycol and diethylene glycol, 

35 and an aqueous solution of the aromatic di- 
amines formed in the reaction containing 
about 15% to about 50% of water. 

5. The process defined in Claim 1, wherein 
the dinitro compound specified is m-dinitro- 

40 benzene. 

6. The process as denned in Claim 5, 
wherein the inert solvent specified is selected 
from the group oonsisting of morpholine, N- 
a^lmorpholines, butyrolactone, ethylene- 

45 diarnime, piperidine, N-aJ^lpiperidine, pyr- 
idine, N,N X - cUalkylamides, pyrrolidone, 
methyl .pyrrolidone lower aikyl ethers of 
ethylene glycol and diethylene glycol, and an 
aqueous solution of the aromatic diamines 

30 formed! in the reaction containing about 15% 
to about 50% of water. 

7. The process as defined in Claim 1. 
wherein the dinitro compound specified is a 
mixture of isomimc dinitrotoluenes. 

55 8. The process as defined in Claim 7> 
wherein the inert solvent specified is selected 
from the group consisting of morpholine, N- 
aJkyimorpholines, butyrolactone, ethylene- 
diamine, piperidine, N-adkylpiperidine, pyr- 

60 idine, N,N ! ^idkylamides, pyrrolidone, methyl 



pyrrolidone lower aikyl ethers of ethylene 
glycol and diethylene glycol, and an aqueous 
solution of the aromatic Hrerrmry*? formed in 
die reaction containing about 15.% to about 
50% of water. 65 

9. The process as defined in dawn 1, 
wherein the dinitro compound specified is a 
m i x ture of isomeric mKnrtitroethydbenzenes. 

10. The process as defined in Claim 9, 
wherein the inert solvent specified is selected! 70 
from the group consisting of morpholine, N- 
a^lnxjrpholines, butyrolactone, ethylene- 
diamine, piperidine, N-alkylpip-eridine, pyr- 
idine, NaN 1 - dialkylamides> pyrrolidone, 
methyl pyrrolidone lower aikyl ethers of 75 
ethylene glycol and an aqueous solution of 

the aromatic diamines formed in the reaction 
containing about 15% to about 50% of water. 

11. In a process for the catalytic hydrogen 
reduction of an aromatic dinitro compound to 80 
form the corresponding mononitro-mo noamdno 
compound, wherein the aromatic dinitro com- 
pound to be reduced, and hydrogen, are intro- 
duced into a hydrogenation zone and- therein:, 
reacted in the presence of a hydrogenation 85 
catalyst selected from the group consisting of 
nickel and the platinum group of metals to 
thereby form the monoamino - mononitro 
compound corresponding to the dinitro cotru- 
pound introduced; the improvement which 90 
comprises introducing into said hydrogenation 
zone ai solution, liquid at the temperature and 
pressure maintained in such zone, of said 
dinitro compound in an inert solvent therefor, 

said solvent being also a solvent for the amino 95 
compounds and water formed in the hydro- 
genation, and the concentration of dinitro 
compound in said solvent being such that there 
is maintained in said 1 hydrogenation zone, 
throughout the hydrogenation, a single phase 100 
liquid solution? of said solvent, dmrtro com- 
pound and amino compound and water formed: 
therein; continuing the hydrogenation until a 
substantial amount of said monoamino-mono- 
mtra compound is formed, and then remov- 105 
ing from said hydrogenation zone a solution 
of said solvent containing the mononitro- 
monoamino compound and water formed 
therein^ and recovering the monoamino- 
mononitro compound from said solution. 110 

12. Hie process as defined in Claim 11, 
wherein die inert solvent specified! is selected 
from the group consisting of morpholine, N- 
alkylmorp^olines, butyrolactone, ethylene- 
diamine, piperidine, N-aikylpiperidine, pyr- 115 
idine, N,N 1 -<iialkyiamffides, pyrrolidone, methyl 
pyrrolidone, and lower alkyi ethers of ethylene 
glycol and diethylene $ycoi. 

13. The process as defined in Claim 12, 
wherein the dinitro compound, which is re> 120 
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duced, is n>dimiirobcazcEU5 and n^nkrogmnlfnc, CRUIKSHANK & F AIRWEATHER, : 
is recovered. 29 Southampton Buildings, 

Chancery Lane, London, W.C2, . 
and 29 Sc Vincent Place, 

Glasgow, 
Agents fox the Applicants. . 



Leamington Spa: Printed for Her Majesty's Stationery Office., by the Courier Press. — 1958.. 
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which 

copies may be obtained. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



